CHEMICAL CHARACTERIZATION AND WEATHERING CHANGES IN
HOLOCENE VOLCANIC ASH IN SOILS NEAR MOUNT GAMBIER,
SOUTH AUSTRALIA

by J. T. Hurton®

Sammary
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Surface soil samples collected within 12 km of the volcanic erater of Mt Gambier, South
Australia, have been unulysed for thirtcen elements hy X-ray fluorescent spectrography, The
amounts of eight of these elementy in each of ten samples have been compared with the
umount preseat in 2 sumple coliected close to the volcano and it is clear that the ejected
material was of uniform composition, The amount of ash deposited on the Pleistocene beach-
dune sandx decreascs as distynce from the Mount increases.

By comparing the present composition of the ash with the composition of a sample of
Mt Gambier basall, it is shown thut 60-80% of the calcium, magnesium and sodivm has been
losl but there has been exsentially no loss of {itanium, silicon or aluminium, In 5,000 years,
nbout one half of the volcanic ash has weathered to clay minerals which do not readily

disperse and the leached sodium and magnesium appear o reach the groundwater.

Introduction

Hutton, Biackbuirn & Claike (1959) indi-
caled the distribution of soils affected by vol-
canic ash from Mt Gambier by a study of the
size of the particles added to the siliceous sand
of former heach dunes. As this earlier work
had shown that ihe material ejected und depo-
sited on the existing dunes wus uniform in the
physical size of the puorticles, it should be pos-
sible from « study of lhe clemental composition
of the samte soils to confirm the uniform nature
of the ash apd also sec what elementa may huve
been differentinlly lost by weathering since the
deposition of the ash 5,000 vears ago (Fer-
gusson & Rafter 1957).

Methods of Analysis

Eleven surface samples studied previously
wecre analysed for thirtcen clements by X-ray
uurescent spectrography. Fur the eipht major
clements, magnesium, aluminiun, silicon, phos-
phorus, potassium, calcium, 1tanium and iron,
the ignited snil samples were fused with .o
lithium borate flox as deseribed by Norrish &
Hutton (1969) and cast into glass dises. Cali-
bration for these clements was based on fusions

of pure chemicals in the borate flug and results
were all corrected for variations in mass ab-
sorption due tg vaciations in sample composi-
tion:

For the elements chromium, tnanganesc,
nickel and zine, presert in low concentrition
(10-1,000 ppm), and for sodium, the finely
ground samples were pressed into suituble dises
without any dilution (Norrish & Hutton 1964)
in order to obtain sufficient sensitivity, Calibra-
tion was Imade again by comparison with stan-
dprds prepared from pure chemicals mixed with
4 sample of clear quartz. Variations in mass
absorption due to changes in sample composi-
tion were measured and the appropriate cor-
reciions applied.

Resnlts

The results of analysis of sample A 363/13,
collected about 3 km northwest of tha Mt
Gombier craler and considered froni field mor-
phology to have the prealest amount of ash
mixcd with the leached siliceous sand. are given
in Table 1. For comparison the resilts of ana-
Iysis of sample A 361/1, collected from near

* CSIRO Division of Soils, Glen Osmond, 5. Aust. 5064.

I CSIRO Division of Saily sample reference number.
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TABLE |

Composition of soils, voleanic ush (calculated) and extimated clange during weuthering

Soil Soil
furgely larg-ly
Element dune sand volcanic ash
Adal/1 A363/1
Na, % 008 017
Mg, & 0,03 1.47
Al T (390 S.38
Si. % 45,7 34,9
P. 9% 0.01 0.29
K, ‘V 022 0,59
Ca, % .07 1.04
’él S 0.15 0.96
T, ppm 29 118
Mn, ppri 115 524
Fe, % 0.32 S5.0R
Ni, ppm 2 68
Zn, ppm 5 1]

Present % change
composition Composition (relgtiveto
of ash? -of hasaliy basalt}
0.4 2.60 —80
34 812 —70
9,0 7.62 +20
26.0 220 +20
{1.20

1.3 127 1]
31 7.8 60
1.5 122 20
¥2 8.35 0

* Average of values calculated on -mumptmn that A 363/1 contajus 40% dune sand, A 46471 con-

tains 450 and A 349/1 containg S0%
1 Stanfzy (1909).

TABLE 2

Compoyition of ash soils expressed as %

composition of A 363/1"

Distancc

Sample Mi-Gambier .

numbér km Direction Mg ‘Al Ti Fe Cr Mn Ni n
A 363/1 3 NW 100 100 100 100 100 100 100 100
A 46471 24 E 91 87 79 gl 2 A6 (B RS
A 3449/1 3 S 83 92 77 83 88 75 LI T
A 33171 61 SE 46 104 54 60 67 76 46 48
A 36471 5 S 56 60 66 5% 57 64 50 52
A 36071 6% N 28 53 50 47 AR 47 40 28
A 35571 3 E 38 36 41. 38 33 43 49 22
A292/1 11, NE ¥ 29. 39 27 3 28 16 25
A358/1 i NE ki 23 12 25 kil 21 3 6
A467/1 54 NW * 20 11 12 19 21 3 7

= Amount too low to bc determined with sufficient accuracy to obtain » meaningful figure.

the northern limit of the inflience of the ash,
are also given.

Of 1he thirteen elements defermincd, mag-
nesium, aluminium, titanjum, iron, chromium,

manganese, nickel and zinc are considered to
be aséociated with voleunic ash and the resuits
for these cléments in the other nine samples
are given in Tahle 2. where they are expressed
as a percentage of the concentration found in
sample A 363/1.

Discussion

The eight elements chosen for listing in
Table 2, namely magnesium, aluminium, tita-
ninm, chromium, mdnganese, iron, nickel and
zinc, are present in higher ¢oncentration in

basultic type rocks than in other types such as
sanids, limestones or granites.. For this reason
they were chosen in this investigation to be in-
dicators of material of volcanic origin in a
region of sand duncs and swales. Sample
A 36171 is typical of the surfuce of the sand
dunes und sample A 363/1 taken 3 km NE of
the crater of Mt Gambier is typical of the
material of volcanic origin after 5.000 years
exposurc, The data in Table 1 show that the
dune sand is not pure quarlz as it appears 1o
contain 4 titaninm mineral and some clay or
feldspar to account for the potassium. The
aimount of potassium would mmdicate that wea-
thering and leaching have not been excessive
and so - the Jow levels of some elements, parti-
cularly mugnesium and nickel, suggest the ab-
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scnee of vaoleanic ush from this site 11 tm N
of Mt Gainbtrer,

By calculuting the amount. of theswe eigh
"basaltic” clements present in the ten samples
of surface soils ns. a percentage of the amounts
in sample A 263/ 1, the significunce of the dif-
terence: tn the composition of these soils be-
comes dpparent. Az distance from the Mount
increases, the amount of each element is re-
duced by a. simikse proportion. In order to
determine the amount of asli in the soils sju-
died, rclative to samplc A 363/1, three some-
what indepetident scts of chemical data and
the particle size dats wven in Hutton, Black-
burp & Clarke (1959) can be used. Of ihe
eight clements recorded in Table 2, magnesium,
aluminium, tifanivm und iron are presest in
A 363/1 at about 1% or more. They can be
determined accurately but as some variation in
ash composition can be cXpceted, the rvelative
percentages given for these clements i Table 2
were averaged for listing in Table 3. Chro-
mium, manganese, nickel and zine are present
in smaller amounts (less than 0.1%) and ure
therefore determined less accurately, but they
do represent u different geochemical parameter
{rom the major clements, and again, 10 réduccd
individual fuctuations, the data of Table 2
were averageil Lor presentation in Table 3, The
third chemical measure of the amount of asgh
matenal s obtaing] from the results of the
determination of the silicon content of cuch
smple because the addition -of the ‘basallic
minerils will reduce the high silicoa content of
the silice sand -of the dunes. (This. measure is
not strielly independent of thé other chemical
values in that when expressed as oxides, SiO.
constitules the hulk of the sample that is not
Al.O4. MpO. Fe, 0, and TiO.}. The amount
of ‘particles in the sizc range 2 pm to S0 um
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found in these samc soils js given by Hiitton,
Blackburn & Clarke (1959) and the very high
ash soils close 10 Mt Gambier have about. 40%%
of these purticics. Again, the amount of 2 pm
to 50 pm particles in the saniples from the
other sites can be calculated relative 1o this
figure and the data are given in 'Table 3. These
four cstimates have been used to caleulate
mean values for the relative proportions of the
basalric material added to the sand dwpes. The
comparatively low values of standard devia-
tion (Table 3} sugpest that all four meastires
are of the onc property.

The sumples examined in this sjudy had
mostly been collected from soil profiles usso-
ciated with the higher sand dunes, where some
mixture of ash und sand has occurred, The data
given by Flutton, Blackburi & Clarke (1959)
had indicated that in many cases the resulting
mixture is unifarm down to 40 ¢m. This mix-
ing is wot duc {o cultivation as many of the
samples were collected from roadside cuttings,
but is attributed to the activities of soil unimals
in fertile, well-aparegated soils. Evidence sug-
aests that where more than 150 cm of ash was
deposited there was less mixing of sand and
ash, while us Ihe deposit of ash became thinner
more miving and resuttant dilution fook pluce.
Hence i is difficult 1o define the true linut of
the area that received the voleanic accession,

The climite of Mt Gambier. with the aver-
AgE maximum temperaiure ranging from 12°C
10 25°C and with abour 700 mm of saii falling
mostly in winler, is condusive to the wealher-
ing and lcaching of the deposited ash. Stanley
{1909) analyscd the basatt from Mt Gambicr
and hig results are given in Table 1. An esti-
mate of the present averuge composition of
the ash, obtained from sumples A 363/1,
A464/1 and A 349/1, 5 wlso-given in Table |.

LE 3

Relative ameans of volcanlc ash.in soils

Averape based b Average based on Dilulion of Particles® ) _

Mg, Al, Ti, Fe Cr, Mn, Ni, Zn Siby ash 2-50 am Mean'& S.D.
A 36371 100 100 100 100 T —
A 4647 84 £S 58 93 91 i
A 349/ 84 88 16 93 BS 4
Aalsta 656 59 &9 58 ] 14
A4/ 60 56 57 (4] 61 b
A360/1 44 as 44 47 45 |
A 35571 a8 a3 a5 42 38 3
A 392/ 12 25 23 32 28 5
A 3SR/ 20 15 15 178 £5 4
A467/1 14 12 a 10 1 3

“ Valnes from Huotton, Blackburn, & Clatke {19577,



IR2 L

For this estimate it has been assutned that 60%
of profile A 3G3/1 i vf Volcanic origin, 55%
of A 464/ 1 und 50%. of A 349/1 und the bal-
ance is silica, and rhese assumptions are con
sistent with the purticle size distributon curve
tor profile A 34Y piven by Hutton, Blackburn
& Clarke (19Y59). From comparison with this
estimated present composition of the ash ond
analysis of the hasalt, it is possible 1o caleulate
the change in elemental composition on the
assumption thar wsh and basalt were from the
sume source. The results. (Table 1) shaw that
in the 5.000 yeues of cxposure there has heen
considerable {60-8091 loss of sodium, mag-
nesivm and ealciom due tor the weathering of
minerals such ay olivine and. plagioclase und
some Inss of potussivm and jron relutive 10 alu-
minhm. silicon and titanium. The ealculated
suin in these elements is duc io the lass of the
olher elements and the <imilarity” in the wiin
figure for silicon compared with those for alu-
minium and titanium confirms the assumed
ratio of sand to ash in the three soil samples:
Thus From these ratios and the data of Table 3,
the amount of ash in all ten svil samples can
be culeutated (Table 4).

The relative gaise of 20% in the “Ingoluble™
elements suggests that 20% ol the ash has been
lost in 3.000 years, i.e. 17 in 250 years. This
{035 of 20¢% of the weight of ash shue to the loss
of 707% of the original sodium, magnesiunt i
calcium has meunt considerable change has
tnken pluce. The soils with 35% ta 6% ash
have cxchange capacities of 36 m, eyuiv. per
100 g (Clarke 1965) and in sample A 972
taken close to sample A 464 the clay mincrals
have been identified as illite, Kaolin and ran.
domly interstratificd material and the mixture
has an exchange copucity of about 70 nu. cquiv.
per 100 g (Stace ef ol 1968, p. 133). Assum-
ing 12 m. equiv. of the exchange capacity is

TABLE 4

Culrulnted amnant of voleanls ash in soils

o
{hearest 567
A 36371 an
A 46471 55
A 54971 ]
A5/t £
A 36471 35
A 3RO/ 25
A 35570 23
A 202/ 15
A 35840 10
A 467/ s

HUTTON

duc to organic malter, there Is thep 18 5.
equiv, per 100 g due ta clay minerals. Thus the
cxchanpe capacity suggests that the elay niine-
rals constitute about 25% of these soils which
onginally were ahout 507 ash, 50¢% sand, The
vlay minersls have formed in sitn and have nol
moved down the profile—in facl using stund-
ard laboratary dispersing techniques, the soils
yiclded Hitlle materlal tess than 2 um. cnabling
the unsorted distribution of the parficles i the
range 2 ;m o 50 um lo be used as 4 charac-
frristic.

As there is no run=nff of water from the soils
around Mt Gumbicr. the sodium, magnesism
and calcium relensed by weathering should be
leachked ta the groundwater, Sodium nnd mag-
nesitm ace quite oluble and caleium is mode-
rately suluble in the presence of the high con-
<centration of carbon dioxide found in fertile
woils: As the waler percolates out of the organic
soil. carbon dioxide s fost und enleium be-
comes less zoluble. O'Driscoll (1960 has pub-
lished analyses of groundwater from the Hun-
dreds of Blanche, Gambier and MacDannell
which: surround Mt Gambier. Ot the samplcs
with less than 300 ppm dissolved solids, nine
hid been collected either [rom ‘within the ared
considercd by Hutton, Bluckburn & Clarke
(1959) to have received volcanic ash or from
immediately south of the aren, and five samples
oulside these two areas. The pverage caleium
content Ior each of the two uréas is 70 ppm,
while the sodium content of the walers from
the area that received volcanic ash is 45 ppm
and. that oulside is 35 ppm, and for magnesium
the corresponding figures are 13 ppm and 3.5
ppm,

It has thus becn possible 1o confirm the
carlicr map of the distribution of volcanic ash
sround Mt Gambier (Hutton, Blackburn &
Clarke 1959) utul 1o show that considerable
chunge hos taken place in 5,000 years. About
one half ol the ush has weathered to clay mine-
rals with the loss of 209% ol weight und the
leached sodiym and mugnesiunt appears o
have reached the groundwhler.
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